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Abstract
This study aimed to assess the water solubility of Ginsenosides Rg5 and Rk1 released from chewable tablets containing Red Ginseng
preparation HRG80 incorporated y-cyclodextrin (GCD) complex compared with y-cyclodextrin free drug preparation. The dissolution rate
of Ginsenosides Rg5 and Rk1 was increased three times after y-cyclodextrin inclusion. The relative solubility of Ginsenosides Rg5 and Rk1
calculated from the ratio of Area under the curve AUC |,/ was correspondingly 221% and 227%. This study for the first reports that Red
Ginseng preparation HRG80 inclusion into GCD significantly improves (increases) the water solubility of active constituents Ginsenosides Rg5
and Rk1.
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Introduction

Ginsenosides Rg5 and Rkl are major active constituents of
Red Ginseng, comprising correspondingly about 1.9% and 1.0%
of herbal preparation HRG80 of Panax ginseng C.A. Mey [1-4].
Both ginsenosides exhibit pleiotropic pharmacological activity
[1-13], but their content in the blood circulation system is
low due to poor solubility in water [14-16]. A growing body of
evidence suggests that gamma-cyclodextrin (GCD) can increase
the clinical efficacy of water-insoluble biologically active
compounds, which have low bioavailability [17]. GCD is the most
bio adaptable and applicable to increase the absorption of many
drugs [18], including ginsenosides of Panax ginseng [19,20], by
forming inclusion complexes or the form of GCD/drug conjugates
[19,21,22]. Since GCD inclusion method is known to improve the
dissolution of poorly soluble compounds including ginsenoside
Re and compound K [19,20], we used GCD as an inclusion host
for the complex with red ginseng preparation of HRG80. The aim
of this study was to compare the water solubility of Ginsenosides
Rg5 and Rkl from the y-cyclodextrin complex of red ginseng
containing chewable tablets with the solubility of the same, but
cyclodextrin free, Red Ginseng commercial preparation HRG80
capsules.

Materials and Methods
Chemicals

Test Samples of Red Ginseng Energy Chewable Tablets (Lot
2241-0201, Exp. date Jan 2023), and Red Ginseng Energy Capsules
(Lot 201049, Exp. date Jan 2023), containing correspondingly
100 mg and 200 mg of red ginseng preparation HRG80, were
obtained from Euro pharma USA Inc. Green Bay, USA. The red
ginseng HRGB0TM preparation was standardized for the content
of total ginsenosides Rgl, Re, Rf, Rb1, Rg2, Rc, Rh1, Rb2, F1, Rd,
Rg6, F2, Rh4, Rg3-(S-R), PPT (20-R), Rk1, C(k), Rg5, Rh2, Rh3,
20S-PPT, and PPD (7.6%, including 1.9% Rg5 and 1.0 % Rk1) [2].
The content of ginsenoside Rg5 is 1.124 mg/CD-tablet and 2.628
mg/capsule, the range of ginsenoside Rk1 is 0.89 mg/CD-tablet
and 2.19 mg/capsule. The content of GCD (CAVAMAX W8 Food,
MW 1297, Wacker Chemie AG, Germany) in c Red Ginseng Energy
Chewable Tablets was 400 mg per tablet. Reference Standards
of Ginsenosides Rg5 (CAS#186763-78-0, (purity > 98%)) and
Ginsenosides Rk1, (CAS Number: 494753-69-4: (purity > 98%))
were purchased from Shanghai Standard Technology Co., Ltd.,
Reagents and HPLC Solvents: Methanol (purity > 99,9%, Gold
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Ultragradient, Carlo-Erba), acetonitrile (purity > 99,9%, Carlo
Erba), ammonium acetate (purity > 99%, ChemLab, ACS).

Dissolution test

The dissolution test was conducted by the dissolution tester
(Erweka, DT800, Germany), containing 500 ml or 900ml of
water correspondingly for tablets and capsules at 37.0°C+0.5°C
according to USPNF [23]. The speed was set at 75 rpm. The test
samples of 5 ml were collected in 0,15,30,45,60,90 min followed
by the adjusting of the equilibration media volume. The collected
samples were filtered using Millex-HV 045 syringe filters before
HPLC analysis.

Analytical method

The analysis was performed using a Shimadzu LC/MS
instrument (LC-20AD/T, Shimadzu Corporation, Kyoto, Japan)
consisting of autosampler (LC-20AD/SIL-20A), HPLC column
(Symmetry Shield, RP18, 5pum, 250x4.6mm), UV-diode array
detector (SPD-M20A IVDD), and Data acquisition and analysis
software (LabSolutions, Version 3.40.299. Shimadzu). The column
and autosampler temperatures were maintained at 30°C and
10°C, respectively. The injection volume was 20pul. The mobile
phase consisted of 1ImM ammonium acetate in water (solvent
A) and ACN (solvent B). The binary gradient elution conditions
were optimized as follows: linear gradient from 35 to 60%B (0-4
min), 60% B (4-18 min), 60-80% B (18-20 min), 80% B (20-22
min), 80-35% B (22-25 min). The flow rate was set at 0.5 mL/min.

Quantification was carried out at 203nm. Calibration curves were
prepared using the reference standards of Rg5 and Rk1 in four
concentrations: 1.0,2.0,3.0,4.0ng/ml in methanol. The linearity
coefficients were R?=0.9928 and R?=0.9942, correspondingly for
Ginsenoside Rg5 and Ginsenoside Rk1, the method was validated
for selectivity, accuracy, and precision (RSD < 5%).

Statistical analysis

The column statistics, the area under the curve, and ANOVA
analysis were conducted using GraphPad Prism Software 3.0
(GraphPad Software Inc. San Diego, CA, USA). The statistical
significance of differences between the dissolution profiles of
ginsenosides Rg5 and Rkl released from HRG80 capsules and
GCD complex containing tablets over time were assessed using
two-way between/within ANOVA wherein an interaction effect
indicates a different response over time between the two dosage
forms.

Results

The dissolution profiles of ginsenosides Rg5 and Rk1 released
from both preparations are shown in Figure 1 & 2. The dissolution
rate of both Ginsenosides Rg5 and Rk1 began to reach equilibrium
at 60 min. At that time, the dissolution rate of ginsenosides Rg5
release from HRG80 capsules and GCD complex containing tablets
were 40%, and 80%, respectively. Compared with the GCD free
capsules, the dissolution rate of the GCD complex increased 2-fold,
indicating that GCD enhanced the solubility on Rg5.
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Figure 1: The dissolution profile of ginsenoside Rg5. Each point represents the mean+SD. (n=3). The content (100%) of ginsenoside Rg5
is 1.124 mg/CD-tablet and 2.628 mg/capsule, and released amount correspondingly 1.03 mg and 1.11 mg.
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Discussion enhanced presumably due to both the surface-active volatilization

This study shows that the dissolution rate of both ginsenosides
Rg5 and Rk1 from the GCD inclusion complex was significantly

of y -CD in the aqueous solution [19] and intermolecular
interactions by hydrogen bonds. The Ginsenosides Rg5 and
Rk1 amounts released from one GCD tablet were the same as
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from GCD free capsule containing 2.2-2.3-times greater dose
of HRG80 (Figure 1 & 2). The ratios of Areas Under the Curves
(AUC) of ginsenosides Rg5 and Rk1 dissolved from capsules and
tablets correspondingly are 2.21 (Figure 1) and 2.27 (Figure 2),

suggesting that incorporation of cyclodextrin in the chewing
tablets increases the solubility of ginsenosides Rg5 and Rk1 for
221% and 227% correspondingly.
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Figure 2: The dissolution profile of ginsenoside Rk1. Each point represents the mean+SD (n=3). The content (100%) of ginsenoside Rk1
is 0.89 mg/CD-tablet and 2.19 mg/capsule and released correspondingly 0.82 mg and 0.88 mg.
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Conclusions ginseng Preparations on Electrical Activity of the Brain in Elderly Sub-

In this study, we, for the first time, have demonstrated that
the water dissolution rate of Ginsenosides Rg5 and Rk1 released
from chewable tablets containing Red Ginseng incorporated
cyclodextrin complex is about 2.2 - 2.3-fold higher of cyclodextrin
free drug preparation.
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